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Purpose or Objective
Segmentation of gross tumor volumes (GTVs) on
nasopharyngeal carcinoma (NPC) MR images is an
important basis for NPC radiotherapy planning. Manual
segmentation of GTVs is a time-consuming and
experience-dependent process in NPC radiotherapy. This
study is aimed to develop a simple deep learning based
auto-segmentation algorithm to segment GTVs on T1-
weighted NPC MR images.
Material and Methods
This study involved the analysis of 510 MR images from two
datasets: (a) T1-weighted contrast-enhanced head and
neck (H&N) MR images of 305 NPC patients and (b) T1-
weighted H&N MR images of 205 patients without
obviously abnormal regions in head. An FCN based on
VGG16 was developed to perform automatic segmentation
of GTVs. Data were randomly separated into training (90%)
and validation (10%) datasets. Additionally, 15 patients
were manually contoured by two oncologists for
performance evaluation. Performance of the automated
segmentation was evaluated the similarity of automated
and manual segmentation on Hausdorff distance (HD),
average surface distance (ASD), Dice index (DSC), and
Jaccard index (JSC).
Results
The HD, ASD, DSC, JSC (mean±std) were 16.18±7.93mm，
2.42±1.38mm，0.71±0.12，0.57±0.13 for validation
dataset; and these indices were 14.21±4.73mm,
1.51±0.98mm，0.83±0.08, 0.72±0.12 between two human
radiation oncologists, respectively. The t-test indicated
there was no statistically significant difference between
automated segmentation and manual segmentation
concerning HD(p=0.67), ASD(p=0.46), DSC(p=0.17),
JSC(p=0.16).
Conclusion
The results suggested that the performance of automated
segmentation of GTV is close to manual segmentation’s
performance based on T1-weighted NPC MRIs. However,
the manual segmentation performed better than
automated segmentation. Thus, automated segmentation
must be modified manually before being put into use.
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Purpose or Objective
The use of MRI for guidance in external beam radiotherapy
needs to face the issue of spatial distortions, which may
hinder accurate geometrical characterization. In this
contribution, susceptibility values for different tissue
types were measured, and tissue dependent effects
simulated in a digital anthropomorphic CT/MRI phantom.
Material and Methods
The simulation of the magnetic field distortion due to
tissue dependent susceptibility effects relied on the
iterative solution of Maxwell equations1,2 in a multiple step
procedure. The obtained magnetic field maps were then
post-processed and values in parts per million (ppm) were
converted into geometric distortion depending on the
gradient strength. The simulation procedure was validated
on test objects, for which an analytical solution can be
derived. For this purpose, a sphere and hollow shell were
tested, varying the object susceptibilities from
paramagnetic to diamagnetic and testing different
convergence criteria. The digital anthropomorphic CT/MRI
phantom CoMBAT3 was then used for simulation of tissue
dependent effects. The input susceptibility values of liver,
lung and muscle tissue were experimentally measured in
porcine tissue samples, relying on SQUID (Superconducting
Quantum Interference Device) magnetometry at normal
pressure in the 0.35 – 3.0 T range (Figure A).
Results
In the validation of the susceptibility algorithm, a RMS
error between analytical and numerical solutions of 0.09
ppm for the sphere and of 0.35 ppm for the hollow shell
was obtained, corresponding to a 10-12 convergence
tolerance. The tissue volume susceptibilities (expressed in
SI units) remained constant in a physiological temperature
range of 309.5 K – 313.5 K. The average ± standard
deviation values over the temperature range were (–2.06 
± 0.02)·10-6 for lung, (–9.91 ± 0.02)·10-6 for liver and (–
12.84 ± 0.08)·10-6 for muscle tissue at 1.5 T (Figure A).
Using the determined susceptibilities and values for bone,
blood, fat, water and air as reported in the literature4,5, 
magnetic alterations stemming from susceptibility effects
were simulated (Figure B). The ppm-differences ranged
from –7.68 ppm to 4.36 ppm at 1.5 T, corresponding to
1.15 mm maximal distortion at a gradient strength of 10
mT/m.
Conclusion
Different tissues create local magnetic changes, with
enhanced effects at the boundaries (Figure B), which scale
with the magnetic field strength. Through the
determination of magnetic susceptibilities of different
tissue types, a more realistic representation of
susceptibility induced distortions is feasible. A phantom
study, dealing with magnetic field alterations due to static
field inhomogeneities and gradient non-linearities is
currently ongoing, aiming at a comprehensive simulation
of major effects in spatial distortion for MRI guidance.
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Purpose or Objective 
Deep learning methods (DLM) have recently been 
developed to generate pseudo-CT (pCT) from MRI for 
radiotherapy dose calculation. The main advantage of 
these methods is the speed of pCT generation. The 
objective of this study was to compare a DLM to a patch-
based method (PBM), an atlas-based method (ABM) and a 
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bulk density method (BDM) for prostate MRI-only 
radiotherapy. 
Material and Methods 
Thirty-nine patients received VMAT for prostate cancer 
(78 Gy in 39 fractions). T2-weighted MR images were 
acquired in addition to the planning CT images. pCT were 
generated from MRI by four methods: a DLM, a PBM, an 
ABM and a BDM (water-air-bone density assignment). The 
DLM was a generative adversarial network (GAN) using a 
perceptual loss. The PBM was performed with feature 
extraction and approximate nearest neighbour search. 
DLM and PBM were trained with a cohort of 25 patients. 
The four methods were compared in a validation cohort of 
14 patients. Imaging endpoints were mean absolute error 
(MAE) and mean error (ME) of Hounsfield units (HU) from 
voxel-wise comparisons between pCT and reference CT. 
Dose uncertainties of the methods were defined as the 
absolute mean differences between DVH parameters for 
the organs at risk and PTV calculated from the reference 
CT and from the pCTs for each method. 3D gamma index 
analyses (local, 1%/1mm) were also performed. The 
Wilcoxon test was used to compare the uncertainty of the 
DLM to those of the three other methods. 
Results 
In the whole pelvis, the DLM showed significantly lower 
MAE (mean value of 37 HU) compared to the PBM (41 HU), 
ABM (43 HU and) and BDM (99 HU). The ME obtained from 
the PBM (-1 HU) was lower compared to those of the DLM 
(-9 HU), ABM (-8 HU) and BDM (-18 HU). The table shows 
the dose uncertainty of each pCT generation method for 
each volume-of-interest. The figure shows the dose 
uncertainty of each method along the whole DVH for the 
rectum. Significant differences are displayed with the use 
of the symbol *. DVH differences were significantly lower 
when using the DLM and the PBM, than the ABM and BDM. 
All the mean gamma values were significantly lower with 
the DLM or the PBM, compared to the ABM and BDM. 
Conclusion 
In order to generate pCT from MRI for dose calculation, 
the four assessed methods provide clinically acceptable 
uncertainties (<1%). The DLM and PBM provide however 
the lowest imaging and dosimetric uncertainties. The DLM 
appears particularly attractive due to its accuracy and the 
very fast calculation time (<1 min). 
